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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescence element with high luminescent 
efficiency by including a charge trapping function in a 
luminescent layer. 

SOLUTION: The electroluminescence element has a 
substrate 11; a hole injection electrode 12; a hole 
transport layer 13, an electron transport layer 14; and 
an electron injection electrode 15, stacked in order on 
the substrate 11, and the electron transport layer 14 
acting as a luminescent layer contains a hole. trap. A 
hole injected from the hole transport layer 13 is 
trapped in the hole trap within the electron transport 
layer 14, and efficiently contributes to luminescence. 
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[it im i ] m\j&xm9m trnz-itAmmmt 

ttffB^/J^Pi'^tyiail^IBJ^B* \y- h^-fC J: o T 

mm® b 9 v 7°mt)\ imm 5 LTFvmmi^m 

7 3L-)imfribmiftlf-'P& < £ J: «iE7L h 5- 

«fc am-? h ^ V ^T?*>Sffl*S 1 KIB*CD»t 

y*y ff\Z J: o ftSII #9C 1 ICfBic©^ 

B»#E 8 ] BffiBiETLaAfflW^A^^^ffiafeJt 



(2) #W 2000-252077 
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< ffiT'&Sff 8 (Cf B«0«x 1/ 

\^xi\^{m\.tcMm£mmm&t~\mmm& 

io >smb^&^^ff#Jl8{cfBao^xL/^ ha;b5 

W#gl2] ms&SkS&Mfc BufBiE?LaAMS 
M£fu§BiE7l$ro&Ji fc©HtciE?LiiAJi U 

lfeM7 # □ J/7->*»e>*£!*#g 8 {CfB«©^$£ 
[0001] 
[0 0 0 2] 

[0 0 0 3] iS^p.' ^«iffc-^5r?fe I 6MI4^-t^*«ix 

5 1#9 1-3H9 8 7^(Applied Phys 
ics Letters, 5 1, 1 9 8 7, P. 91 

30 3. )) . ZCOm^XC. W. Tangbtt^a5§^M 

^ (8-dpy yy-;i/) t;i/^-^a^» (stau 

K • H6 5#3 610I1 9 89# (J' 

ournalof Applied Physics, 

6 5, 19 s 8 9, P. 36 10) tCli. MW^M^M 
40 figfSA 1 qC^T'J>^ft^DCMl (Eastm 

anChemicals) ^©^^*& K-V LfeaR 

[0 0 0 4] i®^aR?«)f^attJ&«fiJtt±. iE?Lv±A 
ffl«ffi (ITOBD _hKU N, N' -bis (3 -me 
thylphenyl) -N, N' -diphenyl 
— (1, 1' -b i phenyl) -4, 4* — dia 
mine (TPD) ^<b^jEJ\M^M. Alq^i 
50 ZmfrWgM. fectr>*Al-L i-^ (*fetJMg-A 



(3) 



<dx$> y , Ai q^ tezw&mmmm'DmybZir 

TA 1 qJf£T*A^' A 1 qS^^f§^1-S. HP*) A 
lq©7b>^l/Xiri/h> (Alq-) T^©^"? 

&&Z.£.t>\ W-i-JV ■ ■ J^^A F • U Vv 
?X I7 9i7 9 9 1119 9 6^ (Journal 10 
of Applied Physics, 79, 199 
6, P. 79 9 1) iZfflBZnT^Zo Z.(D$M*X\ 
m^WM^Al q®©*4£?Sftet (LUMCX Low 
est Unoccupied Molecular 
Orbital) (D^Z^&rt^m^B.^^-V'y-y 

[000 6]. 

mmzn^ir & ^ t & < ftymxmmzmzwmzn 
[o o o 7] ±Mmm*w&-*z>tz.&. m% 

[0 0 0 8] 

[Kfflfc^-t- ±I2gW5:^i-^ 
##80j3<Z)#f$^ h a * y 1z IE 40 
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[0 0 0 9] *5W!CWBSK®*tea^ ^ _hiaW?*BI 
[0 0 10] ±miWi^UV hD^^^v-fe^*?^ 

SO hXWffi h 5 >y ^ffiSr^K n > h D -JbT- 

^S. i®IW^Sg«.(li8ft»«aD ffllBWti. 

[0 0 11] IgSfe&^W VUfr^%y^y*fS&TZ 

[0 0 12] ±ia#Bfcnl/f hn^*vfe>^*7-T? 

[0 0 13] ±|5t^x^^ ha^/5*yfe>^*?T 

fci± 3 mifly^m^m^smt/r J mm* 

«W3?SWf» 2 fctt 3 S^»^S^fS^S^^ 
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* & j± 3 &&D%mm£mfc-G#r?tt~ ^mnmm. 

[0 0 14] _fc|ff£»xi/# ha;i/5*vfe>^*fz? 
Mu ifflB-?©«^ft#^ttCD£^;^&y, suBB 

[0 0 15] ±8B*»xW hnM*vt^*fe 

gt»m& y v ^fcft * «?#*J3S* t l*-*- < , * 

[0 0 16] JbflffSf&xl'* hD^^yfe^*?!? 

[0 0 17] ««^JiCj^*^3{^Stt*^*V\ 

[0 0 18] 

[0 0 19] *?3£^«ffifc*aBHW£©» 



(4) #1^2000-2 5 20 7 7 

6 

[0020] ±|B£t*x i/^ha;i/5^7 -fe 

«T?fe.&;i£jWf*Lv\, ±SB*RfiWcJ:4x 

10 Stl-f^Ejt-lt^WV^ 

[0021] ±fi5g»xix* hn;b5*-yt>xif-t' 

«^tctt. «-?ttAffl«fli®s®Tfias*^ay, 
M-m^^brm^s^s-fb-r * v * e>fl5jB &^ 

■TS. fcfcittf. Al-L i«flli:Al q£:©#®T* 
ii, ^8KyB#*T*>s L i (Ai q) m*^stt 

[002 2] _Llff£«x u * h n;i/^ * y -fe >X3ft-?-Tr 

■r S5g«»fire*®<*Mrr s r ^ tc a. y « e>ns«ffiT?& 

30 ^il^c-So 

[0 0 2 3] ±.f5t«xi/^ hn;i/$*-yfe>^iR?-T. 
li. ISBB^SKH 1 *^ lu|BiE?LaAM«#i:m(saiE?L 
ttSk»fc©iaiK:iE?LaA«S:*U ftilBiEJLaAS^ 

- v^^f^ffl&^-rs. K-^U&^M^ dtp 

40 [0 0 2 4] 

[0 0 2 5] mffi&M 1 ) ^SS^ffi 1 T»HU *^C0 

[0 0 2 6] H»I10fixWhnM^7ty 

l 0 (Co ^T, KrSMSria l tc^-To 
[0 0 2 7] E!l$r#MbT. #8SxU^hn^*v 

oii, S®i i fc, S®i l-hicji^^M 

50 S^feiETLaAM®!! 2, iETUinlMl 3, 
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o iE?LaAfflm@i 2 tiEfmmm 1 3 tomizm 

[0028] ®ei i \t. i£M£Amwmi 2Wfr*>yt 
s. 

[00 29] JEfUiAJiWI 1 2 14, iETL&aA-tSfe 10 
viAMS^i 2hLTS*ffi©Mift#fflv^*w fei:^. 

{f, I TO (I n d i umT i n Oxide) ^ 
[0 0 3 0] IETUtoUS 1 3 tt. ®-?-$roUS 1 4 {CIEJL 
tf. 

[0 0 3 l] «?4£&f 'l 4 li. «?*3H£&^-rsjf 

-e&y. m-?«^o^«^s:*t?.- ^©^sg 20 

Tgffi 1 <Z)*ffix 1/ ? h D * y -te l Ot'li. 

m&&£M 1 4 ti, mffi saA-ts i^cj; ot^t 
tLxmntzm^-mmMi Aotmt^Tiz, tux 

2 0-nm~5 0 nm*W*lvV>o 
[0 0 3 2] m^&AHW&l 5tt. «-?-£&A-f££: 
ao&ttBil?**. m?&AJB*ffil ftWBifc© 30 

«iyffi-t«^cii. 1 5 tcfin^w^ 

tUTli, fct^-li. Mg-Ag^i, C a -Ag^t 

^fcLTli. Al-Li^t, Li-Al-Zn^i, 
Ca-Al^i, Mg-Al^t, Sn-Al-Li^ 
Bi-Al-Li^i. In-Al-Li^if 40 

[003 3] ±gH*flSBSS 1 <©3&«x I/* h o;b$ * y 
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AfflWSl 5tCJK*lRrtlES:BliirrSifcKiJ:oT, * 
: f*6SI 1 4 tSSftS-esifctf-PSS. 
[0 0 3 4] |»liffl*ii^hn;i/5^^t> 
1 0 1±. jEJLiiAfflWi 1 2 £«?&Affl«1§ 1 

5 i: ©rate, iE?iM^s*a^^ «fe y ftziEjmm 1 

3£®^-«fc£)i GfefeJi) ,14fc&fl»bfc^ibiWff 
feJ&U « : f*B8«14*«jETLN5'y^ , S^S. Lfc 

[0035] ±i3*^©m^ h^vTmt. »4, ffltfff© 
fctt*&y, jfrtJcwfif&^R-rstcTfa&y, 

[0 0 3 6] m-T-tt^S GfcOT)- 1.4fCffl^e> 

t», (i) z0r.^(Dmm^—. a*©*n-f*i®^' 

t-Y hi^WfiF0tS«f^il, (2) g*3H£ 

[0 0 3 7] -jRJc^tlB^f-jHi. itc^r^-?;^- 

#K3 «HF-Ay4p>y«SR) &ftflWUT±8a®W5*fti!l 

[0 0 3 8] ^mS-^O^-y-'f h (ffgS) T?»o 

T» H»fb£ «fc rfitfif K^^v ^hmi Sr^fflrr s^ 

[0 0 3 9] 
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mm 










^^^^ci^^ (HOMO) 











[0 0 4 0] jjb (l) ©W&tci*. — o©3HF4»fc 
Wm&WH& &*-t 5#^iM h i:«fif h5v ?»fiB & 

[0041] jjb (2) ©a&tcwu mi^Kssss 
ffnc-g-atfiSo ±fiB (2) ©tft^wu Sfltelttc^Sfcg. 20 

[0 0 4 2] I/* hDM*yt> 

«Rfl 0©«^-lCtt. ±|B (1) (2) ©wf 

[0 0 4 3] i^«14H iEJLh^'y^fcL/T, 
>pta < %-iSlc J: §IE7L h 5 y ^fe^tf i L- 

[0044] mW&^SfooM'bQMZ'SM h^vft 40 



[0 0 4 5] flJftJfjW. 5S*R**tiBBia-5-fCj:o"C^ 

[004 6] thK.ll fSiWhn;^*>yt^ 
5g-fcD#§^*MtL,T«J;<ffi^'b4xShU^ (8-3V 
rn,$;—*?I4m (Al q) WWi- 
- ^-©SBRSrSWat-nii. A l q «®2fe-?-T';fc<2> 3 <@ 

[00:47] it, fetitf^l/^^^^i-;!/ 
/\K-^L/ feMT- 1±. ^ 1/^PPCD^Alq <Z)43 V 

^aicA i j ^j^rawsrJiswA 1 q ®m-?*astefciE?L h 

i£tffe-*J v * y VOMfo % § I £M z. I'M ft tctjWN 
4H=-r^BSS:^ < -STcS), Alq ©iE?L h ^ y 

[004 8] i^tc, ^xi^^ hn;i/^^^-fe>^^- 

1 o©atl^c■^v^Tfi^•ts <) 

[0 0 4 9] #BJlxl/^ hP^S^v-fe^SRT-l 0© 

W£M <M%M) 4(DmB^M (LUMO, Lowe 
st U n o c c u p i e dMo 1 e c u 1 a r Or 
b i t a 1) ±.Z$mtStiZ>° -15. jE?Li£AJ§*ffil 

2 3^e>aAStifciE?Ltt, jE?UB8» l 3 ©S*«tS*/t 

(HOMO, Highest Occupied M 
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olecular Orbital) Jh 3%, H 

[0050] H3i±*^aK:i3WS«Wh7'y^ , i:«fif 

x h a * >y * 3 ©£ ? H 

^xSr?©!!©*^^*, T> h > ^^©x 

fa©H 1 ©. «t o * •< :7©**B3fc *V K©M 20 

M l ©SH^Sflafi. (L'UMO) ±'&4K£3*b5. — 

(HOMO) ±£$ro££*k £©»£#K:iEJLlig&£» 
£M U ffttf X«?*E3yift©lE?L h 7 ^ ■/tdf'bx. 

3. 3. "Ctt?- £ jETL £ OSS&A s 8 y - Sfc3fe» 
3 i fe-r-g)i:VNo#M5:'t-2)= 3©lE?Lh^y:7te, 

[00 5 1] JBL±SWB L/fe<k"5 jJSias^* iam 30 
#aiiy^>n;b^^^-fe>^-?-i o let mi, 983^ 

[0 0 5 2] (£fi&£ffi2) £SBgtt2T*tt. *#§<£© 

■fs. 

[0 0 5 3] mS&&M2<D^ffi^? >n;i/5*yfe> 

[0 0 54] [24£#HBLT, S«iU{'hDM*9 
■fe>^3R? 4 ott, 3SR1 l fc. IBRi i±KJIBSfc8tJf 40 

zwtm&fijan&i 2, iE?Lfi3Ui (Wi) 4 

1, «^-froUB4 2S±t>WtiAffl«Sl 5 SHI*, 
v -fe >'*5R?- 1011 lE?tf£Affl ttS 1 2 fciE?Uii5£Ji 

4 1 t©ratc^s^iE?yiAM'^, «?*sa9B4 2 

ttfSAfflill 5i;©W^SHg§ns«^Y±AJi$: 
[00 5 5]»E11. iE?L&Afflft®l 2fiiOl? 

sam** 1 5 \z^> v «, mmm 1 7»swa ufe%© 
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[0056] lEmmm ($mm) 4 1 ietup^s 

fc, r©IStt^J»2©*»xi<? ha;i/^*y-fc>xig 

0 Tf 14, IE?L«KSM4 1 jWBtfff h7-v ~m> h7«; 
^■^S) h^y^tsm-T-h 5 v^"S:« 

Tli, fc£x.tf, 2 0 nm~5 0 nmftW* L\>\ 

[0057] mj-m^M 4 2'ii, iE7L^»4 1 fern-?- 

[0 0 5 8] ^aB^flB2©5g«xl/f hn;b^*yfe> 
x*-?4 o©#£K;au !E?LfroiS4 l ^m-^Mm 

li, fei:itld»iK^Ufc^W-^ KT'fe^o IE 

&te*>mmmi?mwi<r~ d) (2) ©^-r 
[00 5 9] 'm$mM4 in. m&h^v^Lvx, 
^©^#^t^^^i©^T y s^** tdAj\wfy 

[006 0] tixi/^ha;v5*7-fe>^4 or- 
li, IE7LaAffl*fiil 2*^aAS*ifciE7Lti, iE?L^ 

jt®4 2©m£itea^£?Bft£2*u iE?uttas4 1© 

«?■ h 9 y "^KflKia ^ <-^> iETl^Ui 4 1 © 

^oT, MWa-^t ha;i/^#y-fe>**?-4 otcj:4% 
iEJL^M 4 1 &c&A£ b 9 v 

[0061] Rjbsttabfej:^^, ±mmm&M2<Dm 
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5. 

[0 0 6 2] ±fam^ffii is^xi2(D^m^-\y 

V hn;u^*y-te:v7jt-?-i o&j:t>'4 OTfii. SBfcJS 

t- s?i -vh (lb) m>, myf\t&mtf>f* h * 

ffi. MB E (Mo lecular Bea 

m Epitaxy) m&£a>m*<Dfr?98W%&t:%l 

[0 0 6 3] tiiWhnM*7t>Xli : - 

■^atSBSi: LTt±, 7it> h ri "J 
' h a y «t e> & 3 gt5£~ 5 36£©/VT'.a»&#- 

[0 0 6 4] ^eu^Miiur, r~t.7L& s\7-u&& 

U-iy. BP%2, 9-D ime t hy 1-4, 7-di 
phenyl — 1, 1 0 — p h e n a n t h r o 1 i n 

^i'D^^^ (5 PC P) SrK-^bfca^ffe 
«fc »; * 5 3&fcft#?JffT? tt, 5 P C P imj- b^y^ft 

[0 0 6 5] flib^ hDM*>yfe>Xi? 

1 0£J;tf4 lE7L&Afflm«l 2fe«i;U^l 

[0 0 6 6] ZZX\ tulB^SW, ^>i£>gt 1/9 
h'JT % y-;K tfU2?>. bT5^>, h'JT^'X -rh 
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io ^r^y^m^mm o ~ 6 ss^mv \Kf b#sa&&* e> 

[0 0 6 7] iffc, fii^hD;i/>*yt>^I^ 
l Ofcit>*4 OT'lt m^MmS^-Mt>\ lufaiETUiA 
ffl«®«ttoiaiE3Ww^i^©r^CiE3yiAM?:^b. Iff 

tC«. «-?gSgEft:7f»5 7, 7, 8, 

K-^ (fet^l£*^tcj;SK-t">^) LfclH7* 

20 u^r—y^)^]E^\j&AMim^.h\<\ 

[0 0 6 8] 

[oo69] i ) i t*i*. 

[0 0 7 0] HSMlffltl'xV^ ho;i/*^-yt>^ 

mt LX, iS^y^SSLtvimat^ti^. 1 o o ix m^vf- 

30 roxh7-f^lITO (Indium Tin Oxi 
deiRSfflK «fttAJIil!:bTL-i-AlM' 
&fflV^c 0 iETL^roUKcN, N' -bis (3- 

me t h y 1 p h e n y 1 ) — N, N' -diphen 
yl - (1, 1* -biphenyl) -4, 4' -d 
i amine (J^T, TPDt^o) *MV\"«4F*SI 

;W T>h^*> OWT, DMPAi;^e>) SrK-^L 

[0071] t-r. ^x^so^Mtcziifft^js 

40 (M» 1 0 0 n m) SrJ&jfcLfcft. S^^^cfT' 2 
5 0°C l^^-fb^bT7Ki!S5:Jtb^VNiS^^ 
7K'[±»RS:#fe 0 SS5:^*PLm ^^BW©^ 
sK-btC iETLfsroUiil^-STPD, mfttBSMZ.*** 
DMPAfeAtfAlq, «-?SAMm^ii:^SAlfej; 

m^n^LT. JJB#5**«±fC*&0. 1 nm/^©^ 
«itgT:-TPDjf (EJ*7 0nm) 
[0 0 7 2] DMPAMtfAl q©MiO^ 

50 - h zmmn%k lt, #& o . in m/^spojsesasrc d 
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MPASiOtAl q^e>^t?-iil (IS50n 
m) fc^EScLfco DMPA^Al q tOttttM 1 /41Z 

[0 0 7 3] -€-©#t L i feit>*A 1 omtUMtf- h £ 
f^fc&D^LT, *& 1 n m/#©^*^T'S^V±Afflm 
frl (Bl^l 6 Onm) &^U7to Z.<J)h^ Li£A 
l©|lp#Si»fC.J:oT, 2wt 0 /o<Z)y^'7A£-^rt-g> 

l i - a i&&frbt£&m*&Amnm*]&}&Ltz, 

[0 0 7 4] z.t>hxm^t=MB^-^^ hn;i/^y 
t ( I T O/T P D/DM P A 2 0 % K-^A 10 

i q/A i - l i ) ic, mim&zwMbT^nmym 

{S&$!l^b7=i£'^ 8 Vffl&nT' 3 m A/ c m2<Z)li?5S 
tfgftfu 13 0cd/m2®lMi^©l««S«3tt*«»e> 

te, DMPAffl^f;i/75 7 ^^iEJLh^^ 
[00 7 5] (ggfgftf 2 ) 2 T* tt> ZETLIrolii^ 

mm h =? v vmym t & s-«co v ^T&m-t 

•S. 20 

[0 0 7 6] W$M2(Dmffl&-\sV hw]/S.*ytyz. 

4. 7-i/i/7;7i-;b-l, '10-7xt>hD'J 
> O^T, MCPF£V>?) t<D2mW&t>^&2>i£ZL 

[ o o 7 7 ] ■ £*i e> sr-fla v nthss^j 1 1 ra»fcaa!f 

v\ «iii/^haK*ft>^«? (ito/tp 

D/MCPF/Alq/Al-Li) SdSJtbfc. 00 30 
te. TPDl^5 0nm, MCPFftf3 5nm, Al 
qP5 0nmtliofe. 
[0 0 7 8] ±fSf u^hn;i/Uvt > 

VPPiDT' 4 m A/ c m2cQ®fi&'%*U 1 2 0 c d /m2 

^yi^TjI^pm. MCPFffli/?; 73i-;i/g# 
?Svvtt?h^y7°tt&*U IE?UKSHSl±TPDi:MC 

PF07itVhaijy9WffiK MCPFjfWT'Ml 
4s©iH£?tototf£Efc. 40 
[0079] (|g£0!l 3 ) m&@) 3 Ttt, lEJUia&JItf 

[0 0 8 0] |QfiM3©jei|xi/^ hn;i^*y 

4, 7-i?7i- 1, 10-7xt>haV> (tt 
T. DMPFfcvO) £©2Ji*B&fr&fcSiEJlJiKai» 
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■tyxtt (ITO/TPD/DMPF/A1 q/A 1 
-Li) BUPte> TPDJBXMO.nm. D 

MPFjg^3 5nm, Al qi^5 0nmt*ofc„ 

[0 0 8 1] USSMSo^xu? hn;i/^*y-fe>x 
3R?fC jgffiKBE SrPWD LT^cD^^Hi^fte h tc £ Z 
5, 5 VErt&DT? 6 mA/ c m2©mi5SAWV 112c 
d/m2©W£©3§3 l 67!^e>*l7c 0 i©*?^*, DM 
PF©7ai^;i/^m-?-h^^7 p ffiC#-^U lEJUrol 
fttiTPDi:DMPF©73i-^->hny>^)^\ D 

mp Fmftx-mhm<DW&$&ytz£vt~° 

[0 0 8 2] mfcM4(Dj%W,^V hOM^^t>7 
*7-t±, «?fKaiSfc l/T; 9. 10-kf7s (4 — ;* K 

^■yyx.—)b) fyh^-ty OUT. MOPAnt^ 

o) 5:2 5%K-7bt4, 4, 8, 8-^h^3f* 

(iH-tf^^/-;i/-i--<;i/) tf5-ifsJ?-;b OEIW* 
ssBiffla***;, OTPPZBtv^) 
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